ABSTRACT
INTRODUCTION
Financial stability is defined as the consistency and resistance of financial markets and institutions and payment systems against shocks. Financial system can work straightly and consistently, therefore economic resources can be distributed and managed efficiently according to the types of the risks.
Detection and forecasting of the risk determination factors is important in order to maintain financial stability. At this stage, factors of financial instability must be revealed. Once the factors of financial instability are detected, more effective measures can be taken.
Stress tests can be categorized as in three parts: sensitivity analysis, scenario analysis and statistical stress tests.
Sensitivity analysis measures the effects of a certain risk factor on a financial institution. In this analysis source of ISSN(e): 2222 -6737/ISSN(p): 2305 -2147 the shock is no defined and practice are less complicated. Source of the risk is determined in detail in scenario analysis, thus this method is more complicated as the movement of more one factor is evaluated simultaneously (Committe of European Banking Supervision, 2009 ).
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Stress testing is a risk management method used to test the stability of the banks and banking sector against various scenarios reflecting severe but potential market, interest, exchange rate, credit and liquidity risks.
Stress testing method puts a more dynamic analysis when compared with the history based methods. This method measures the possible impulses against various situations that are always likely.
In an environment surrounded by risks, unexpected conditions can be determined by stress tests by banks. Strength of banks to financial crisis can be measured by default rates. Default can be defined as the failure possibility of the debtor. Default rate (default possibility) is the ratio of non-performing loans to total loans. Stress testing models enable to predict stronger and truer loan loss distributions than credit risk models based on aggregate data.
In this study, a macroeconomic credit risk model that relates credit risk with real economy and macroeconomic variables will be built in order to test financial strength of Turkish Banking Sector. A VAR model is estimated firstly to reveal the relationship between the macroeconomic variables. In the second place, macroeconomic credit risk satellite models are built for both banking sector. Finally, financial stability of the banks and the whole sector are tested using scenario analysis by Wilson (1997a; 1997b) model.
LITERATURE REVIEW
Lately, macroeconomic models are widely used for credit risk stress testing applications. Macro stress testing method was introduced by Wilson (1997a; 1997b) for the evaluation of financial systems fragility against macroeconomic shocks. After that, many researchers used the model for different countries. Besides Wilson approach, Merton (1974) approach is also developed in many studies. Merton approach models the effect of macroeconomic changes on stock exchange prices and then transformed these changes into default probabilities.
Merton approach is further developed by many researchers. Kalirai and Scheicher (2002) built a credit risk model for Australia using 9 selected variables between 1990 and 2001. A credit loss simulation and stress test are implemented for the Australian Banking System. They found acceptable levels of capital ratios when compared to current level of capital ratio rates. Boss (2002) [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Analysis is made both at sectoral and individual level. As a conclusion it was found that a macroeconomic shock has more severe effect on Check Republic Economy twice more than German Economy. Jakubik and Hermanek (2008) answered the question whether the developing loan volume would have negative impacts on banking sector stability in Chinese Economy. It was concluded that the banking sector is resistant against mentioned macro economic shocks. Zeman and Jurca (2008) with the conjuncture. Results also revealed a significant negative relationship between NPL and GDP.There are not many studies about stress testing in Turkey. Following part of the study summarize some major studies. Küçüközmen and Yüksel (2006) used Turkish economy data between 1995 and 1999 to build a macroeconomic credit risk model and then used the model in the stress testing procedure. Macroeconomic variables are GDP, ISE100 Index, Euro/TL cross rate, USD/TL cross rate, interest rate, unemployment rate, current account balance, CPI, internal loan of the banking sector, industrial manufacturing index and money supply variables. Results show that changes in NPL can be explained by the mentioned macroeconomic variables. In the second part of the study, by the help of a Monte Carlo Simulation and stress tests, loss ratios can be compensated by profits and invested capital. Altıntaş (2012) used a credit risk model for Turkish economy between [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . for this purpose, a VAR model was created to determine the macroeconomic variables and then Monte Carlo simulation method defined the non-performing loan ratio. It was conclude that Turkish Banking sector is considerably sensitive to a real negative growth rate shock and exchange rate shocks. İskender (2012) tested the resistance e of Turkish Banking Sector against credit risk and other potential shocks.
Results showed a high resistance of Turkish Banking Sector against those risks.
Overview of the Methodology
Stress testing was first discussed in FSAP of IMF and World Bank in 1999. Previously, stress tests were only a part of FSAP but then these tests have been a useful tool for financial analysis studies for regularity institutions such as IMF and World Bank and also for top management.
Stress testing is one of the tools that are used for evaluation of the total risk of banks. Regularity institutions of the banking sector use stress testing to determine whether banking sector have adequate capital when some unexpected conjectural movements happen. Stress tests are also named as scenario analysis thus uses hypothetical or historical scenarios to measure bank performances against various situations (Virolainen, 2004) .
Data Set and Variables
In this study, variables that affect the credit risk are selected by the help of previous literature and conditions of Turkish economy. Ratio of non-performing loans to total loans is calculated to measure credit risk. Quarterly data between 1999-2012 is used in the study. Macroeconomic variables are seasonally adjusted GDP (GDP_SA), USD Exchange rate (USD), consumer price index (CPI), Stock Istanbul 100 Index (BIST100), 3-months interest rate (INT), Treasury Bonds Interest Rate (TINT) and seasonally adjusted unemployment rate (UNP_SA). Independent variable is non-performing loans of banking sector (NPLRE). Time series of the macroeconomic variables can be seen in Figure 1 . When we investigate the figure, we can see that only GDP and UNP series show seasonality trend.
Figure-1. Time Series of the macroeconomic variables
Source: Author.
regression problems can be seen in the time series (Altıntaş, 2012) .
For this reason, GDP and UNP series are seasonally adjusted and two new series GDP_SA and UNP_SA are created. These seasonally adjusted series will be used in the following parts of the study.Deterministic properties of the series are shown in Table 2 . We should examine skewness and kurtosis value of the Jarque-Bera statistic of the series to determine whether they are normally distributed. According to the values of the table 1, we can say that only GDP_SA and UNP_SA series are normally distributed. Firstly, correlation matrix of the variables will be built and over-related variables will be eliminated to minimize an autocorrelation problem in the model.
Correlation matrix of the variables shows a high correlation between the interest variables that are 3-months interest rate (INT), Treasury bonds interest rate and consumer price index. One or two of these variables should be eliminated from the model in order to prevent autocorrelation problem.
Different possible models will be tested using different variations including INT, TINT and CPI variables.
Time Series Analysis
Time series analysis enables us to get better models explaining an economic variable with its own past values and past and current error terms rather than traditional statistical methods. This method estimates future values of a variable using past values of that variable having significant effects in the past. It can make predictions even the structure of the time series and variables is not clear (Griffiths et al., 1993) .
A process is stationary if the mean and variance of the variable do not change over time and covariance between two periods depends on the distance between the two periods.
If a stochastic process is not stationary, estimates of the process would be valid for only estimated time. A general evaluation of the process cannot be made. But, a time series process should some predictions about the future values or general trends of the variables (Bozkurt, 2007 Results of the unit root tests are shown in Table 3 . Tests are performed with constant and with constant and trend.
Significance values are considered 1 %. Result of the test shows that BIST100, USD and GDP_SA are level stationary. INT, TINT, CPI and UNP_SA are stationary at first level. Further parts of the study, variable INT will be used as DINT, variable TINT will be translated to DTINT, variable CPI will be translated to DCPI and variable UNP_SA will be translated to DUNP_SA.
The Model

The Macroeconomic Model
There are various methods of time series analysis in order to determine the relationship between macroeconomic variables. Traditional time series methods are not used in the study because variables are not classified as dependent and independent variables. For this reason, VAR (Vector Autoregressive) will be estimated in this section.
Financial variables continuously interact with each other. Thus, choosing a variable as dependent variables and some other variables as independent variable which are considered to affect that variables may not an effective method at most of the time. Because, so-called dependent variable may also has some impacts on independent variable as a result of a complex system. It is hard to decide which the dependent variable is and which the independent variables are in financial systems (Bozkurt, 2007 this difficulty showing the dynamic relationships between all the chosen variables and enabling to make future predictions (Brooks, 2008) .
VAR models have many advantages when compared with the univariate time series models or simultaneous structural models. First of all, it makes us possible to build models without determining dependent and independent variables. In additions, variables can be dependent to more than one lagged value of its own lagged values or lagged white noise error terms values. Moreover, VAR models are mostly preferred than the traditional methods (Maddala, 1992 (Gujarati, 1999) .
Under this framework, a VAR (3) model is estimated. Results of the model are in the appendix 1. This estimated model will be used in the credit risk model. For this reason, this model will not be evaluated. Only correlation coefficients of the variables will be demonstrated.
The VAR(3) model has valid values of normality assumption, autocorrelation assumption, homosecdasticty assumption and stability of AR Roots. As a consequence, we can say that the VAR (3) model is valid model for our further analysis. Next part of the study, an OLS model will be estimated to show the relationship between nonperforming loans and the macroeconomic variables.
Satellite Model
The relationship between the non-performing loans index like in the CPV (CreditPortfolioView) model of
Wilson and the selected macroeconomic variables will be tested by a linear regression model. Dependent variables that present credit risk are NPLRE (non-performing loan index) series created by logistic transformation of NPLR series. NPLRE is formulated as follows:
In the equations 1 and 2, NPLR t t represents the ratio of non-performing loans (loss ratio) and NPLRE t represents non-performing loans index. Although non-performing loan index is in the same direction with Virolainen (2004) it is parallel with Boss (2002); Küçüközmen and Yüksel (2006) ; Vukelic (2011).
Low value of index series at time t shows low level of non-performing loans (NPLR t) and also economy .NPLRE t represents the total economic outlook and can be defined as a linear function of external macroeconomic variables. The regression model will be the basis of estimates of NPLRE series future values.
Time series analysis is completed in the previous section in detail. In this section, time series analysis of the index series will be completed. Before OLS estimation, stationary test will be applied for index series. Results of this test are summarized in Table 4 . When we analysis the results, we can conclude that NPLRE series is not stationary at level but becomes stationary when we take the first difference. In the next sections, differenced NPLRE series will be used in the model indicated as DNPLRE.Estimates of the model are given in Table 5 . After eliminating variables with significant coefficients and t values, the final OLS model is as follows. Table 5 is analyzed according to the confidents and significance levels of the variables. Significance level of the model is 75 %. All the variables except for GDP are significant at 5 % significance level.
When we look at the coefficients, we can see that there is a negative relationship between inflation rate and default rate. Relationship is positive for all the other variables. An increase in stock exchange index and inflation rate will decrease default rates, and an increase in nominal interest rates, treasury bonds interest rate, Exchange rates and unemployment rates will cause an increase in default rates.
Error terms of the model have no autocorrelation, normality or heteroscedasticy problem. Error terms do not violate any assumptions of the OLS.
3.5.Scenario Analysis
In this section, historical data of the macroeconomic variables most influent on banking sector will be chosen and given a shock. These macroeconomic variables are interest rates and USD exchange rates that are chosen according to the Financial Stability Reports of the Central Bank of Turkey. Estimate period is two years.
situation in the light of information derived from macroeconomic variables. Adverse scenario indicates the financial situation at the extreme levels in the periods of a crisis.
Historical data between 1999Q1-2012Q4 is considered to determine the extent of the shocks. At the same time, credit risk satellite model is used to evaluate the period and sign of the shock. Properties of the shocks periods are summarized in Table 6 . There are 3 scenarios in Table 6 . Firstly, graphs of the macroeconomic variables to be used in the model are examined in detail. In the first scenario, we can see that interest rates are at peak in the first quarter of 2001. Possible increase in the non-performing loan rates will be estimated if such a rise like 2001 is to happen again. In the second scenario, a similar rise is seen in the second quarter of 2001 when we look at the graph of exchange rate. Trend of non-performing loans for the period 2013Q1 and 2014Q4 is investigated if such an event happens again. In the third scenario, the effect of a simultaneous shock given to both interest rates and exchange rates is considered. Table 6 .
Figure-2. Graph of First Scenario
performing loan rate at the first stage. But, this shock begins to have influence at 3 periods later and causes high levels of non-performing loans on 2013Q1. An interest rate shock on 2012Q2 has a fluctuating effect on nonperforming rates. Non-performing loan ratio is about 2 % before the shock, under the scenario 1 this ratio rises to 6 % on 2013Q4. This ratio tends to decrease on 2014Q1 but increase once more on 2014Q4. While in the baseline scenario, non-performing loan ratio is about 1 % on 2014Q4 but rises to 7 % after the shock. These movements indicate the sensitivity of non-performing loans to interest rates.
Exchange Rate Shock (Scenario 2)
An unexpected increase in the exchange rates tends to have a negative effect on non-performing loan ratio. But, approximately 30.4 of the cash credits are foreign currency issuer in Turkish Banking Sector, for this reason nonperforming loans ratio may not increase at first (Altıntaş, 2012 ).
An instantaneous shock raises non-performing loan ratio by 35 % at first, but this level decreases in time and reaches its initial point on the last quarter of 2014. Estimated non-performing loan ratio is 0.2 % in the base scenario, while it rises to 0.8 % after the shock. Even it seems to rise as percentage; the impacts are very limited when it is compared to the impacts of other variables. This shows that the sensibility of non-performing loans to exchange rates is limited.
Figure-3. Graph of Second Scenario
Interest Rate and Exchange Rate Simultaneous Shock (Scenario 3)
Interest rates and exchange rates have a simultaneous shock for the third scenario. It is expected to reveal more impact with this scenario.
Results of the third scenario can be seen in Table 6 . As a result of the shock, non-performing loan ratio rises rapidly. But this impact passes by time especially on 2014Q4. This scenario reveals more effects than the second scenario. On 2014Q4, non-performing loan ratio is 1%, but it rises to 13 % on the assumption of scenario 3 impacts of a simultaneous shock is more than the other scenarios as expected.
© 2016 AESS Publications. All Rights Reserved.
Figure-4. Graph of Third Scenario
RESULTS AND FINAL CONSIDERATIONS
Strength of the financial sector has an important role for the financial stability of both developing and developed countries and also for the stability of the global markets. Because of this important role, banking sector should be disciplined, transparence, and proper to scientific criteria.
Stress testing is a method used to test the stability of the banks against various scenarios reflecting severe but potential market, interest, exchange rate, credit and liquidity risks.
In this study, stability of the Turkish Banking Sector is tested against financial crisis is tested by building a credit risk model under 3 different assumptions and a satellite model. Firstly, a macroeconomic VAR model is estimated to determine the relationship between the macro variables. Then credit risk satellite models are created in order to reveal the relationship between macroeconomic variables and non-performing loan ratio.
Using these model scenario analysis framework is set and the behavior of non-performing loan ratio against some unexpected situations are analyzed. Between the periods of 1999Q1-2012Q4, historically observed peak levels are used as shocks. As a result of sectoral analysis, we can conclude that the banking sector is highly resistant to the shocks similar to 2001 crisis. Even the non-performing loan ratio is 128 % in 2001 crisis; this ratio is only 13 % under the assumption of a crisis for the last quarter of 2014. When we evaluate the scenarios collectively, we can conclude that Turkish Banking Sector has a strong financial structure and effective management for the reason that the sector has low and decreasing levels of impact under shocks.
